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Experimental Type A 


KINGFISHER 


(SWOD Mark I5 Airframe) 
Mounted on wing of PB4Y~-2 
for test flight — 


This is the first quarterly progress report on 
Project KINGFISUER. Previous progress reports 
were issued first weekly and later monthly up 
through October 1946. In this first quarterly 
report, an over-all swmary of progress from 
the beginning of the program to December 31, 
1946, has been included. 


Reference in the following report to previous 
or more detailed reports is made by supersoript 
numerals, the number corresponding to the list- 
ing in the Bibliography. 
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I. INTRODUCTION 


The KINGFISHER is a radar-oontrolied, subsonic, self-homing, airborne 
guided missile designed to deliver an explosive charge below the waterline 
against floating targets. It is intended that KINGFISHER be released from 
an aircraft well beyond the range of conventional antiaircraft fire origi- 
nating at the target. The KINGFISHER, in turn, will release a torpedo at 
some distance short of the target. 


Projeot KINGFISHER is an outgrowth of the PELICAN and BAT Projeots, 
whioh were carried on, during the war, at the National Bureau of Standards 
under the sponsorship of the National Defense Researoh Committee and the 
Bureau of Ordnance, Navy Department. First design consideration was given 
to KINGFISHER in September 1944, when the Bureau of Ordnance requested 
that a homing glide missile be developed oapable of carrying an aircraft 
torpedo as payload, designed to enter the water short of the target, oom- 
pieting its run under water. However, very little was done at that time 
because of the need for concentration of efforts on the BAT development, 


In November 1946, the Nuvy Department transferred cognizanoe of the 
BAT to the Bureau of Aeronautics but retained cognizance of KINGFISHER in 
the Bureau of Ordnance. The !!,1.T. field experiment station which had 
worked on the electronic part of the development of PELICAN and BAT was no 
longer available for continuation of the work. At this time, the National 
Bureau of Standards was requested to undertake the over-all development of 


KINGFISHER. The organizational setup at NBS for Project KINGFISHER is 
shown in Figure 1. 


At prosent, five KINGFISHER type missiles have been prescribed for 
development: 


Type A: SWOb Mark 11 


To be a gravity-driven vehicle having a 20-mile 
range, launched from an aircraft at high altitude; 
total weight of unit to be about 3,000 pounds, in- 
cluding the payload, a Mark 2] acoustic homing 
torpedo. 


To be a gravity-driven vehiole having a 2O-mile 
range, launched from an aircraft at high altitude; 
total weight of unit to be about 1,000 pounds, in- 
Qluding the payload, a 560-pound non-powered non- 
homing bomb-torpedo similar to the German BT. 
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Type C: To be a power-driven missile having a 20-mile 
range when launched from an aircraft at low alti- 
tude; total weight of the unit to be about 4,000 
pounds, including the payload, a power-driven 
homing torpedo having a 350-pound warhead charge. 


fo be a power-driven missile having a 20-mile 
range when launched from an aircraft at low alti- 
tude; total weight of the unit to be about 5,000 
pounds, including the payload, a light-weight 
power-driven homing torpedo (yet to be developed) 
having a 200- to 400-pound warhead charge. 


To be a power-driven missile having a 10- to 
20-mile range when launched from a surface ship; 
total weight of the unit to be about 3,000 pounds, 
inoluding the deep-diving homing torpede now in 
the research stage. 


Although all five types are being given consideration, initial develop; 
ment is concentrated on Type A, with appreciable psrallel work on Type B. 22,8 
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II. STATUS OF DEVELOPUENT 


A. AIRFRAME 


First design consideration for an airframe for KINGFISHER was for 
glide missile capable of carrying a standard Hark 13 aircraft torpedo. The 
use of thie payloed presented several requirements that combined to compli- 
oate the design of an airframe with radar homing intelligence. Since the 
torpedo is more than twice as long es a G.P. bomb of oomparable weight, 
problems of adequate airframe rigidity for an allowable waight are somewhat 
more diffioult than for BAT. Also, the payload has to be released before 
water entry. . 


Aerodynamically, the necessity of having the electronic homing intelli- 
gence ahead of this long payload impcsed problems of adequate stability to 
oope with the large longitudinal moment of inertia. Then, too, the required 
water entry attitude made it desirable to incorporate the aerodynamic oontrol 
system already in use on the BAT glide bomb. This system has the advantage 
of producing large changes in the value of the lift vector with small ohange 
in the angle of attack. 


Since the first work on KINGFISHER was done as a low-priority phase of 
the BAT Projeot, it was deemed advisable to adapt as many component parts of 
the BAT airframe as fsasible, This would not only facilitate manufacture by 
the use of existing forms and jigs, but also beof value in service beoause 
of interohangeability. Consideration, therefore, was given to the idea of 
modifying the existing 2,000-pound BAT airframe (SiOD Mark 14) by redesign- 
ing the body to accommodate a roleasable torpedo payload. However, upon 
some enalysis, it was found that for adequate structural stability, the body 
would be excessively heavy and bulky with the obvious disadvantage of 
handling in service. It was conoluded, therefore, that it would be advanta- 
geous to attach the main supporting wings and the stabilizing ampennage 
directly to the torpedo. With this in mind, an arrangement was devised that 
made use of the existing Mark 14 BAT wings with simple pin attachuents to a 
oentral frame whioh, in turn, was strapped to the torpedo near its center 
of gravity. This central frame formed a superstructure in which were housed 
the batteries, the servo, and some of ths eleotronio equipment. The straps 
that held this assembly to the torpedo terminated at a standard 14-inch 
bomb shackle, thue allowing release of the wings by some electrioal initia- 
tor prior to water entry. At the same time, the nose and tail assemblies 
oould be detached by means of a cable release latch. 


A 1/6-scale model of this design was made and tested in a wind tunnel 
at NBS. The results of these tests showed acceptable performance character- 
istios. Five full-soale KINGFISHER airframes were then ordered from the 
Vidal Research Corporation, which had available the molds and jigs for the 
BAT airframes. Two of these airframes were assembled on dummy Mark 13 
torpedoes and prepared for flight test. The decalage (angle between the 
ohord of the wing and the horizontal tail surface) was set at 2.5°, whioh 
was the best adjustment from wind tunnel tests of the model. These units 


“ 
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were equipped with a release mechanism for shedding the nose, wing and tail 
assemblies after 30 seconds of flight. These units contained no homing 
equipment but were roll-stabilized, using the standard oontrol gyro SiWD 
Mark 6 and servo SWOv Mark 6 Mod 0. 


The first unit (Flight K-9, June 11 2946) was launched ot 18C knote 
from an altitude of 2.000 feet. It descended at an angle of about 354° to 
the horizontal. Stabilisation in rol] was obtained. but with a larger roll 
hunt amplitude than is normal with the BAT nigssile. The missile bit the 
ground before the relesse mechanism ned tina te oerata. The second unit 
(Flight K-10) was launched at ZCO knots from an altitude of 6.900 feet. It 
descended at a glide angle of 25° to the horizontal. making a steady flight 
The release mechanism operated successfully at 30 seconds at an altitude of 
about 1,000 feet The results cf these tects were considered sul'ticiently 
satisfactory to allow use of this airframe (designated as SWOD Mark 15) as 
an intsrim test vehicle for future development of new radar homing equip- 
ment. Figure 2 shows a photograph of the Wark 15 KINGFISHER airfrane.. 


To this end. a contract was let to Camden Eastern Marine Company to 
build 19 additional piywood airframes using the Mark 14 BAT wings then on 
hand. Later, another contract was iet tc the Goodyear Aircraft Company to 
reproduce this airframs in metal because this material lends itself to 
quantity prodiction Also, service experience with the HAT airframe showed 
that undesirable warping occurred whan the plywood structures were sub- 
jected to adverse climatic conditions. 


In November, two additional flight tests were made of the Mark 15 air- 
frame. Since the firat two units tested (Flights K-9 and K-10) descended 
too steeply, the deculage was increased to 3° cn one unit and 3.5° on the 


Beoond unit. Each missile was eyuipped with Mark 1 (PELICAN) rader equip- 
ment for homing against a stationary beacon The first umit (Flight K-23) 
was released at 200 knots, It displayed a rather large roli hunt omplitude 
during flight and ianded about i mile short of the target. The second unit 
(Flight K-24) dropped away normally but after about three seconds attained 
a steep angle of bank ard descended in a spiral, landing at a point nearly 
below the release point. Records cbtained showed that a failure cscurred 
in the radar equipment. Failure of the first unit to reach the target 

seems to be due to the effect of the large roll hunt amplitude on the opera- 
tion of the pitch gyro. Changes are being made in the next units to correot 
this condition. 


Since more compact radar homing equipment is in process of development 
(See Part C), it seems desirable tc simplify the airframe to the extent of 
eliminating the body portion. It was first proposed to attach the wings 
direotly to the torpedo by means of latches incorporated in the torpedo 
atructure. Analysis of this, however. showed that latches could not be 
placed at appropriate positions because of interference with the torpedo's 
airflask. An arrangement was then devised to strap the wings directly. 
This has certain advantages for testing, in that the wing may be shifted 
longitudinally to compensate for any change in the position of the center 


FIGURE 2 = SWOD MARK 15 AIRFRAME FOR KINGFISHER 


FIGURE 5 = FIRST PROTOTYPE OF WING-ATTACHED AIRFRAME 
FOR KINGFISHER TYPE A SWOD MARK 11 
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of gravity. The flexibility of this design lends itself to the conversion 
inte a Type C powered missile, in whioh case it is proposed to attsoh a 
turbo-jet motor to the rear of the ehroud ring assembly cf the torpedo tail. 
Wind tunnel tests of 1/6-scale model of this design are now in progress, 
and results to dete are exceedingly gratifying. The structural design for 
a full-sonlé version is well under way. With the completion of these draw- 
ings, a full-scale prototype will be made for flight test. A sketch, of 
this design is shown in Figure 3. 


Tentative designs for the payload for Typo 8 KINGFISHER have been worked 
up and submitted to tho Navy for evaluation of the hydrodynamic character- 
istios. Two designs were included, one for a 500-pound payload, 14 inches 
in diameter, and the other with a 250-pound payload, 11 inches in diameter. 
Tentative designs have also been preparod for the wing attachments and tail 
assemblies for these payloads. However. models will not be prepared for 
wind tunnel tests until miniaturization of the intelligence system has pro- 
gressed to the point where speoifioation of practical limits of its size and 
shape is possiblo. (See Part II-C of this report) 


B. NAVIGATION 


Past experience with BAT, as well as numerous mathematical studies, has 
shown the pursuit-course type of homing tc be inadequate for use against 
fast-moving targets. Acoordingly, it was decided that sone type of course 
navigation would be desirable for the KINGFISHER missile. Any type of 
automatio navigation which causes the missile to fly a oourse differing from 
@ pursuit course must oause the missile to fly at an angle to the linc-cf. 
sight path. Therefore, the homing referonce axes can no longer remain in a 
fixed relation to the missile axes. Since the stabilization syatem cf the 
missile is referred to missile axes, undosirable cross effects might occur 
in the homing signals due to the divergence of the two axes when the missile 
ohanges its attitude, especially in the case of a rolling motion. These 
cross effects might seriously affect eithor the stability or the accuracy of 
the missile. It 1s expected that with adequate computers for both azimth 
and elevation, difficulties from cross effects will be resolved. 


At the close of the war, many missiles and missile oompononts remained 
from the PELICAN and BAT development programe. Since these units were 
surplus and readily availablo, a series of tests, preliminary in nature, 
were outlined to demonstrate the practicability of using course computers 
in homing missiles. 


For tests of this nature against moving targets, an 8,000-foot railroad 
had been constructed at the Warren Grove, New Jersey, Test Fieid. The 
target, which is a radar beacon, is mounted on a railroad section oar. After 
starting, the car runs unattended with a pre-set speed. Track switches along 
the railroad automatically record the target position at various time inter- 
vala and operate mechanisms to stop the oar at the end cf the track. 
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During the first three months of 1946, § PELICANS (SWOD Mark 7 Mod O) were 
dropped on the moving tar;et at Warren Grove (Flights K-1 to K-8).* ‘The 
antennas of two of these units were offset in azimuth by fixed lead angles of 
12° and 6°, respectively, estimated to give true collision course compensation 
for the particular flight conditions. On two cther units where the target 
moved at 48 mph, the antennas were offset by an amount less than that required 
to produce a true collision course. The antonna of one of these was of''set by 
1/2 the full value, or 6°, and that of the other, by 3/4 the full umount, or 
9°, For comparison, the other four units were dropped with zero lead angle 
compensation. 


In all of these tests, the azimutn flight path was according to expecta- 
tions. In the caso of the two with fulllead angle compensation, the flight 
path was very straight throughout the major portion of the flight. However, 
since the line of flight passod the target path slightly ahead of the target, 
it may be conoluded that the lead anjle was a little too large. The two 
units with 1/2 and 3/4 of full collision course lead angle flew a modified 
collieion oourse path with a slight curvoture in the direction of target 
motion, with their line of flight passing the target path slightly behind the 
target. The four units with zero lead angle all flew typical pursuit paths, 
with their line of flight passing the target path behind the target. Exami- 
nation of the flight charts of these tests reveals no adverse effect on the 
stability of the glider when the antenna is offsot in azimith. However, the 
acouracy in range was considerably influenced by the squint angle (the angle 
between the effective zero axis of the antenna und the axis of the missiles). 
A fairly largo dispersion in range could be expocted when the antenna assembly 
is offset in uzimuth but fixed in pztch. because for this oondition, a pitch 
error is introduced whenever the glider banks to correot for an azimuth error 
Figure 4 is a typical example of a flight path obtained against a moving 
target with lead angle compensation cn the antenna; Figure 6 is an example of 
the type of path obtained with zero load angle. 


For the purpose of investigating tho foasibility of using Flettner type 
flaps for control of the KINGFISHER missile, two Mark 13 airframes were pro- 
vided with auxiliary control surfoeces utteched to the elevons and operated by 
standard White-kodgers servo motors in each elevon, Mark 1 (PELICAN) homing 
equipment was provided in the missile for homing on a fixed beacon. These 
units were dropped oat the Warren Grove Test Area in June (Flights K-11 and 
K-12). Neither of the units homed but showed successful roll stabilization. 
The rates of roll developed in the roll hunting motion were very large, and 
failure to home can be accounted for by tho effect of these high rates of 
roll on the action of the gyros. Further experiments are oontemplated with 
modified arrangements. 


In order to investigate the performance of a simplified lead computer 
system, four S'YOD Mark 68 ilod O units, containing lead computers in azimuth, 
were dropped against a beacon carried on a moving target car at the test 
field at Warren Grove, New Jersey, during July 1946. Each unit contained 
Mork 1 (PELICAN) radar homing equipment, and the antennas of all units were 
arranged so that they could be rotated in azimuth by White-Rodgers reversible 
motor servos. 
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Two units contained a rate gyro sensitive to yaw, with oircuite arranged 
so that the antenna rotated at conatant speed to the right when the sense ct?’ 
the rate of yaw was to the left; and to the left at constant speed when the 
rate of yaw was to the right. 


The other two units contained relays in the 
output circuit of the radar homing unit, with oirouit arranged so that the 
antenna would be turned to the right at constant speed for a left error signal 
and to the left for a right errcr aiynal. 


The speed of rotation of the antenna 
in azimuth for one unit of each type was .5°/sec and the other, .8°/sec. 
target speed on all tests was approximately 60 ft/seo. 


The 


the units as determinod by observers ut the test field was not very satis- 
feotory. 


Although as yet the camera data have not been analyzed, the performance cof 


One unit with the rate of yew gyro control on antenna motion (Flight 
K~13) failed to home due to failure of homing, equipment in the missile. 


other, Flight K-14, landed about 1,200 foet short of the target. One unit 
with the error signal contro] on the antenna motion, Flight K-15, passed 

290 feet ahead of the target car, landing about 25 feet over the track, and the 
other unit (flight K-16) about 700 feet short and whose flight trajectory 
extended would intersect the track 58 feet ahead of the car's position at time 
of crossing. 


The 


In order to investigate the performance of another lead computing system 


in azimuth, six SWOD Neark & Mod O units were tested against a moving target at 
Warren Grove during August end November, 1946. 


purpose of checking a partial navigating system in azimuth. 


These tests were made for the 


Three of these 
unite were arranged so that the antenna was rotated in azimuth through one-half 
the angle turned by the migsile from its heading just prior to release (navizga- 
tion correction factor, 2). 


On three units the antenna was turned relative to 
the missile three-fourths the angle turned by the missile from its heading just 
prior to release (navigation correction factor, 4). 


Of the three missiles with navigation factor 2, the first unit (Flight K-17) 
landed about 1,000 feet over tho railroad and crossed about 400 feet ahead of 
the target car. 


The second unit (Flight K-18) crossed the railroad about 
1680 feet behind the car and about 14 feet short of the beacon. 


(Flight K-19) lost tracking of its homing signal on rslease and thus made a 
non-homing free flight. 


The third unit 
The first unit with navigation correction factor 4+ 
(Flight K-20) passed about 150 fest aheud of the car and was about 26 fect 
short of the beacon. Ths second unit (Flight K-21) landed 300 feet behind and 
600 feet over the targst car. 


The third unit (Flight K-22) landed about 
1,000 feet short and 100 feat behind the car. All releases wore made from 
approximately 5,000 feet, ata glide angle of 4.5° to 1° and at an air speed 
of 186 imots. The speed of the target car in each case was approximately 
60 ft/sec. Although the errors were fairly large, with rather large scatter, 


the accuracy in azimth is estimated to be better than would be obtained on a 
target moving at that speed without a navigation system. 


Cc. 


INTELLIGENCE 
1. Analysis of asic Systems 


The analysis of intelligence systems for KINGFISHER has been con- 
fined to active radio homing (active implying self-contained transmitter) 
and to the X Band. Two basic systems within this framework are under 
oonsideration, i.e., simultaneous comparison and sequential comperison. 
Only pulecd target illumination 12 considered, no development being 
undertaken on CW systems: 


While both simultaneous and sequentisul comperison schemes are still 
actively under ccnsideration. it was decided early in the program that 
sonoentration of initial effort on one was highly desirable. The 
motivating purpose was the amount of information which oould be obtained 
only from field tests. Many of these tests could be performed on either 
system and would yield results of interest to both, as well as results 
necessary for progrese in airframe and servo design. 


In view of the history of successful field trials on BAT (an active 
sequential comparison scheme). it was felt that the system to be brought 
to the field test point first should be the sequential type. 


The obvious difference between simultaneous and eequential comparison 
systems is that the former has the possibility of eliminating errore in 
direotional information arising from fluctuations in the signal level 
during the scanning cycle and that the simultaneous system oan furnish 
directional information more rapidly. These advantages ere obtained at 
the expense of multiplying the number of reoeivers and involve the neces- 


sity of gain-balancing or phase-belancing these receivers. An obvious 
point for investigeting then is tho extent and rapidity of signal 
etrength fluctuetions encountered in typical tactical situations. 


The first evidence bearing on this point was again the performance 
of BAT. While improvement over this performance is desired, it is 
reasonably good, and some of the departure from ideal mist be attrib- 
uted to other factors. Among these might be oited the varieble posi- 
tion of the apparent center of rediution from the target**, tho lack of 
any provision for flying other than a pursuit course, and various other 
imperfections (in view of later developments) in the design. On the 
other hand, the fluctuation rate at the new frequency (X rather than $) 
was expeoted, from theoretical considerations“”, to be higher; and the 
proposed use of target error rate in some navigation systems puts a 
higher premium on smoothness of angular duta than in the BAT system, 
where the angular data were not differentiated. (The process of 
differentiating a fluotuating signal emphasizes the fluctuation.) 


Search of the literature and consultation with other laboratoriee 
produced no information of direct bearing on the question. Data on 
signal fluotuation in echo return from airplanes were available, but 
these were for maller targets, the effeot of the sea was not present, 
and the presenoe of the rotating propeller complioated matters. Con- 
sequently, an independent investigetion was begun. 
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With an X-Band transmitter and reoeiver, a series of runs was made 
On Various sizes of ships at ses, from warious aspeqts. The radar was 
Garried in the nose of an airplane, which flew in at various glide 
angles ower the range expeoted of a gliding missile and on low flat 
trajectories such as might be encountered with a powered missile. In- 
formation was recorded on the amplitude of each individual eoho pulse, 


In the first series of investigutions, vertical polarization was 
used.® (Similar tests with horizontal polarization are contemplated.) 
Roughly, the conolusions were that the fluctuations are of considerable 
oonsequence at any soan rate and that they did not depend markedly on 
range or aspeot. However, the effeot is reduced by high soan rates. 


The desired improvements over the BAT (pertinent to design of con- 
trols) are listed below: 


(a) Increased probability of hit by 


(4) Tighter traoking to avoid loss of target or 
change in targets, 


(44) Greater resolution in range and angle, for 
same purpose, and 
(444) Provision for computing interception course, 


obviating necessity of impossivle rates of 
turn at end of trajectory. 


(0) Inoreased range. 


(0) Decreased volume and weight, and better aerodynamic 
properties in radome,. 


(d) Simplicity in use and maintenance; ulso produoibility. 


2. Charuoteristios of Sslectsd System 


Based on the above analysis and the desired improvements over the 
BAT intelligenoe system, the following over-all gharacteristios were 
seleoted for the first prototype for KINGFISHER. 


(a) System; sequentiol oomparison?§ 


(b) Antenna system; non-soaming transmitter with rapid 
conioal soen on receiver; antenna stabilized and 
movable for computing purposes. 


(9) Ref system; 1/4 miorosecond pulse, 2,000 pulses/sec, 
50 kw peak power; tunable magnetron (2u81) 


(ad) Receiver: band width 5-6 mc/seo; 1/4 microsecond 
video gating with automatic tracking in range, and 
range velocity memory; electronic commutation of 
directional information. 


(e) Primary power supply; 400-oyole generator driven 
(at oonstant speed) by variable pitch windmill 
(desoribed in Sec. II-5). 


In the following discussion, the lines of separation drawn above 
cannot be respected, due to the intimacy of the interaction between the 
various design factors. Enough has already been said of (a) to pernit 
passing direotly to the others. 


(b) Antenne System 
(1) R-f Properties 


The system chosen for first tests oonsists of four horns; 
@ complete assembly is shown in Figures 6 and 7. One horn 
points along the axis, one 7° up, one 7° down and 7° left, and 
the fourth 7° down and 7° right. The oross-overs in the radia- 
tion patterns are at about the half-power points. The horn 
that points along the axis is used for transmitting only. The 
other three are brought to a special switoh section, where 
newly developed r-f switoh tubes, gated eleotronically by the 
timing unit, permit use of the highest possible soan rate 
(a single scan cycle includes one pulse from eaoh receiving 


horn). The signals from the two "down" horns are added (after 
the seoond det.otion, so no question of phase arises) for a 
true down signal to compare with that from the "up" horn; 
right-left information is also seoured from the two down horns. 


The gains of all horns are of the order of 110 (or 20.4 db) 
over an isotropic radiator. An additional effeotive gain of 
3 db oomes from use of an "on-course” rather than a soanming 
transmitter. A portion of this is lost again due to the use of 
three rathe~ then four receiving horns, but space considerations 
are ruling here. 


In addition, it is believed that a nom-soamning trans- 
mitter will psrmit better streamlining of the radome. With a 
pointing dish and a scanning transmitter (as in BAT), any 
radome shape other than spherioal can be expected to give a 
pulling effect on the magzetron, whioh varies exactly at scan 
frequency, The resultant variations in transmitter power and 
frequency would give rise to false direotional information. 
This difficulty was met ir the BAT and necessitated use of a 
hemispherioal :7se on the missile, which was aerodynanioally 
unsatisfactory. 


FIGURE 6 = FRONT VIEW OF I10RNS OF ANTENNA SYSTEM FOR KINGFISHER 


{GURE 7 = SIDE AND REAR VIDWS OF HORNS FOR ANTENNA SYSTEM FOR KINGFISHER 
The transmitter is located in the space between the horns; the remaining 
apace will be used by components of the antenna stabilization system.) 
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It is recognized that this antenna system suffers from the 
drawback of using only i/4 the available antenna aperture at any 
one time. Nevertheless, its use will be advantageous in severai 
particulars. Because of its simplicity and the feeble inter- 
action between horns. oonstruction and design were relatively 
easy, and thus a flyable homing head will be more quickly achieved. 
Second, design considerations indioate that this system can 
quickly be changed tc ea simultaneous amplitude comparison system 
for tests of the comparative merits of these two systems. (This 
antenna can hardly be converted into a satisfactory phase compar i- 
son antenna, however; due to phase relations arising from the 
physical separation of the antenna centers, reversal of directional 
information will be encountered with good eignal strength at rela- 
tively small error angles.) Thirc, the space between horns is 
usable; in the present assembly. the magnetron, pulse transformer. 
local oscillator, signal crystal, switoh section and r-f switch 
tubes, AFC orystal, and associated oouplings are all mounted in 
this space, with some room left into whioh oomponents of the 
antenna stabilizing meohanism can intrude. 


Laok of switch tubes to the present has preoluded measure-~ 
ment of the radar width of the system. Produotion of switoh tubes 
of the type made by modifying 1824 TR tubes has suffered several 
delays but is now beginning at a good rate and tubes are expeotad 
very shortly. Developmont of the new switch tube is being done at 
Sylvania under contract from the Naval Research Laboratory. A 
preproduction tube, designated X-7047, is shown in Figure 8. 


The four-horn system, desoribed above, would probably be too 
large for use in KINGFISHER Type B. An appreciable reduction in 
size appears most promising with common aperture systems, and 
these are being investigated. Interaction between the feeds of 
the common aperture is the most serious problem, and so far, good 
aperture illumination has not been achieved. A lens appears more 
suitable than a refiector because of the bulk of the feed system 
Of various lenses considered, cue of the Fresnei zone plate type 
showed considerable promise. primarily because of the high ratio 
of dismeter to focal length. Such a lens may be seen in Figure 9 
This lens has good optical properties and a fooal length of only 
4 inches. With such e lens. a rotating eingle feed could con- 
ceivably be used, but this would reintroduce the difficulties 
oaueed by scanning the transmitter and would, in addition, at high 
soan rates, introduce a range-dependent rotational shift. This 
arises because the maximum ranges envisaged give eoho delays com- 
parable to the interval between pulses. It is believed that the 
fluctuation data previously referred to indioate strongly in 
favor of high aoan rate; and a high scan rate also favors tight 
tracking at maximum range due to the lower AGC time oonstant 
allowable. (There is a possibility also that it may reduce the 
requirements on the memory cirouit for the same reason). It is 
felt that the problem of securing good aperture illumination with 
multiple feeds is soluble. 


the 
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FIGURE & = PREPRODUCTION 
MODEL OF Si¥ITCil 
TUBE (X=7047) 


FIGURE 9 - FRESNEL ZONE PLATE LENS 
(A six-inch scale is at the bottom of the lens) 
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In the existing antenna system, much efforts has been 
devoted to making the plumbing system of great bend width so as 
to exploit the counter-countermeasure properties inherent in 
the tunable wagnetron. The switch tube section was the most 
diffioult item, but even here a broad design is beliéved to 
have been achieved. Actual measurements of width have been made 
only with approximations to the final tube, final production 
samples not having been received, however, 1t is btelxeved that 
the system will be operable at least over the range from 3,2 to 
3.5 om. At present. a chanye over uny large fraotion of this 
Yange requires retuning of the mixer. Jocal oscillator, and 
switch tubes, as well us the magnetrcn. However, broad-band 
switch tubes with no tuning adjustments required over the range 
3.1 to 3.6 cm are under development elsewhere; a variety of 
wide-band local oscillator tubes are also under development 
elsewhere; and some work is being done here as well as elsewhere 
on the design of a broad-band mixer. A broad-band AFC trans- 
mitter coupling has already been devised. 


(41) Mechanical Properties; Stabilization 


The antenna is to be mounted on a gimbal system so that 
somputation may be done by rotating the radar axis relative to 
the line of flight. The radar axis is to be stabilized against 
pitch and yaw of the missile. Stabilization systema under 
investigetion are discussed under servo development, Part D-1 
of this report. 


The weight of the first prototype antenna without the 
stabilizing mechonism, is about 28 pounds. 


(0) R-f System; Modulator, Transmitter, and Mixer Units 


The modulator 18 a conventional pulse-forming line. hydrogen 
thyratron and pulse transformer system. The new Alsifilm iinee will 
probably be employed. Figure 1C shows the space saving which can be 
accomplished by the use of this dielectric. Hoth lines are GE3, 1/4, 
2,000, 50, the only difference being that the larger uses paper as a 
dielectric. 


The thyratron in present use is a 4055; however: development of 
&@ tube of smaller size is under consideration. The low duty cycle 
end possible reduction in life requirement should make a smaller size 


practicable. 


The pulse transformer is mounted in a oase oontaining also the 
magnetron socket, and both are placed in the space between the horns 
on the antenna assembly. Rotating joints in the r-f aystem and long 
magnetron leads are thus avoided, 


FIGURE 10 


‘TWO ELECTRICALLY EQUIVALENT PULSE-FORMING LINES 
(The one on the left is made of Alsifilm dielectrio 
and the one on the right, with impregnated paper 
dielectric) 


FIGURE 11 


TWO I-F STRIPS FOR RADAR RECEIVING SYSTEM FOR KINGFISIIER 
(The smaller model shown below gives an indication of the 
reduotion in size possible with the use of pentodes 

of the T-3 (subminiature) size.) 
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An unbalanced mixer of simplest type ia at present in use, as 
first rough tests indicate a satisfactory noise figure can be 
obtained in this way. A spocial requirement is the need for a pre-~ 
mixer AGC system to prevent crystal overload at short ranges. Data 
on preproduction samples indicate that the samo type of tube used 
for the r-f switch can perform this function, the attenuation being 
variable from some 50 decibels smoothly down to about 10 decibels 
as the control electrode ourrent is varied. At about 10 decibels, 
the arc goes out and the attenuation drops abruptly to the insertion 
loss of about 1 decibel. #fith a delay in the AGC appliod to this 
electrode, this system oan be used without detriment to performanoe 
at extreme range. There are beneficial by-produots of the use of 
the premixer attenuator. The blanking requirements for close-range 
operation are greatly reducod (first measurement in fact indicating 
that this feature, combinod with the shorter pulse length, may 
eliminate tho necessity for supplying a blanking pulse). In addi- 
tion, use of the attenuation in tho receiving channels only, with 
full power maintained in the transmitting ohannel, is advantageous 
from the point of view of counter-countermeasures. 


(ad) Receiving and Data-Analyzing Systems 


A great deal of detailed development on receiving and data 
analyzing systems has been doscribed in reports already 
issued!9.15,15,18 oy now in preparation. The necessity for such 
development arose from reduction in pulse length, requiring greater 
band widths and imposing more stringent requirements on tracking 
oircuits; use of electronic rather than mechanical scanning; and 
use of a three-component rather than a four-quadrant scanning 
soheme. 


In the i-f amplifier, a band width of only 1.61, where Tt is 
the pulse length, or about 6 mc, is used in order to economize on 
tubes and produce high signal-to-noise ratio. Fixed tuned stajgered 
pairs are used und present experience indicatss that it should be 
possible to wind all ooils to mechanical specifioations without 
electrical checking or tube selection. Use of more sophisticated 
schamos (double coupling, stagzored triples or quartets, negative 
feedback) might save one stage, but at the expense of tuning adjust- 
ments. The present amplifier has none. Further, the “squarer” 
outoff of these schemes would require a greater band width for 
equivalent pulse reproduction. The first three stages are gain- 
oontrolled by control-grid biasing; the time constant of the AGC 
(automatic gain control) circuit is tentatively set at 20 milli- 
seconds, this low figure being possible because of the rapid scan. 
Computations indioate that the premixer attenuator may make possible 
the use of a fixed gain first stage, with some resultant benefit in 
noise figure; experiments in this direction are proceeding. 
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A plate deteoter, operated at as low a level as will-zgive 
reasonable linearity, is provided. No specific anti-jamming measures 
aro included in the first prototype unit, such as back bias or 
instantaneous AGC; however, the low level detection giver excellent 
overload properties and thus gives good CW rejection. A video stage 
and oathode follower oomplete this unit; a moderate amount of fast 
time-constant is employed to reject the lower modulation frequencies 
without deterioraticn of pulse shape. 


Experiments aro being, carried on also with smaller tubes as 
samples become available; Figure 11 shows the reduction in size 
achieved in an experimental i-f amplifier employing preproduction 
samples of pentodes in the T-3 (subainiature) size. 


The automatic frequamecy control unit 1s conventional, operating 
by comparison of. the transmitted and looal oscillator frequencies, 
and controlling the latter through refleotor voltage modulation. 

One relaxation osoillator causes the local oscillator to "hunt" for 
the transmitter. On crossing the proper frequency, signals from 
the disoriminator fire a eecond thyratron, momentarily setting the 
hunt cycle back slightly. The hunt then resumes, is set back again, 
and the local osoillator "rocks" slightly around the proper frequenoy. 
An i-f amplifier similar to that in the main receiver is employed; 
and a conventional dual-diode discriminator. The use of thyratrons 
rather than the more oommon blocking oscillators eliminates the 
requirement for one or two pulse transformers. The hunt cyole is 
somewhat elower than is common in this type of oontrol, since it is 
eseentia] that the corrections to the frequenoy not be made at about 
three-pulse intervals, as is common, since this would give rise to a 
slight scan frequency modulation of the echo, which would be 
interpreted as directional information. 


The video unit performs the following functions: (i) genemtes 
trigger for modulator and pre-triggers for other functions; (ii) gen- 
erates getes for r-f switch tubes; (iii) generates range gate for 
seleotion of a single echo; (iv) transmits all echoes and position 
of range gate up to monitor in mother ship; (v) amplifies chosen echo 
for commutation of directional information; (vi) oontains circuits 
required to lock gate on the ohosen echo and track automatically in 
range (a range velocity memory is produced for cases of short 
interruption of signal); (vii) develops AGC voltage from gated echo 
only; (viii) generates gates in synchronism with (ii) for commutation 
of signal into appropriate differential amplifier; (ix) provides, 
from the differential amplifiers, output ourrents proportional to 
azimuth and pitoh errora, for precession of gyro axis; and (x) con- 
tains two range switohes for aotuating torpedo release mechanisms. 


Only a few general oomments will be made. It is believed that 
an unusually economical switching and commutating system has been 
developed, and a detailed report concerning it is in preparation. 


Dd. 
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The range gate tracking system required much attention siace the 
requirements are approximately six times as stringent as in BAT. (The 
pulse length is narrower by a factor of 3 only, but the cver-atl width 
of the tracking gates is only one pulse width, due to the use of 1/3 
microsecond tracking gates. In the BAT, 0.%-microsecond tracking gates 
were stacked edge to edge giving, with a 0 7-miorosecond pulse. an 
over-all width twice the pulse width.) Consegvently two systems were 
developed: one was a dual oscillator systenm!* similar in prinoiple to 
that used in the self-synchronous system in PELICAN; the seccnd wss a 
delay multi-vibrator system similar in principle to that employed in 
BAT (report in preparation). Hoth have been developed to a point of 
moeting bench tests; the multi-vibrator system _ however omploys fewer 
tubes. Part of this difference is in the counter-stages :syuired to 
derive pulses et repetition rate intervals (upproximateiy 2COG cps} 
from the atable orystal oscillators, running at present uround 50 ko/sec. 
Development of lower frequency crystals or use of some other stabilizing 
unit, such as a magneto-striotive rod, might eliminate this difference. 
Those factors are being investigated. 


Development of a new memory circuit makes possible longer memory. 15 
4n effort is being made to translate this advantage into a shorter learn- 
ing time, so that maximum advantage may be derived from the memory 
circuit in tracking weak signels. The pointing antenna and the short 
AGC time constant should conspire to reduce the requirement for long 
memory timee. 


A new pulse-stretching system is being used to effect power ampli- 
fioation without producing “rotational shift” by carry-over of znforma- 
tion from one receiving antenna te the next A report describing the 
system is in preparation. 


Standerd type T-5 1/2 tubes are used throughout. Sampies of sev- 
eral varieties of T-3 and T-2 tubes have been procured for experiments 
on miniaturization, with particular emphasis on reducing the size of 
the equipment so that it will be acceptable for KINGFISHER Type BO In 
addition, the possibility of using printed circuits in many parts of 
the eleotronic assembly is under consideration es a means of further 
reducing the size of the equipment. 


SERVO SYSTEMS 
1. Antenna Stabilization 


It is desired that the antenna of KINGFISHER be stabilized against the 
pitch and yaw of the missile to within approximately 1/4 degree and without 
any oscillation. Since the servo system operating the bird controls may 
use antenna rate as well as antenna position, a dead-beat (non-hunting) 
system is considered essential. The maximum velocities required of the 
etabilizing system are expeoted to be of the order of 30°/sec. It would 
be desirable to have the antenna free to tip in any direction to an angle 
of 45° from the center line of the ship. However, the location of the 
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suspension members may be suoh that these angles may be limited to 30°. 
Space limitations also complicate the realization of the stabilization 
requirements. Three methods of antenna stabilisation are under investi- 
gation, and supporting development is under way at the Raymond Engineer- 
ing Laboratories, the FP. H. Shepard Laboratories, as wall as at NBS. 


In the first of these systems, two gyros are used. A large, heavy 
gyro has its axis fixed in the antenna, and serves as the primary 
stabilizing element and as a torque motor. This gyro will stabilize the 
antenna against jerks from the airoraft; however, torques due to 
oonnecting cables, unbalances, accelerations, etc., will cause slow pre- 
oessions of its axis, and therefore of the antenna. These precessions 
will be detected by a second, truly free gyro mounted on the antenna. 
The information obtained from pick-offs on this gyro will be used to 
apply counter-torques to the gimbals of the antenna. When it is desired 
deliberately to preoess the antenna for reasons of navigation, the free 
gyro axis is precessed to a new zero; the pick-off system will then 
force a corresponding precession of the main gyro. A schematic diagram 
of this system, labeled a "piggy back" stabilizer, is shown in Figure 12. 


Since the free gyroscope is to be mounted on the antenna, it need 
not have more than 1” of freedom in any direction. This means that gyro 
gimbals are not needed and some type of a ball and socket or universal 
joint may be acceptable for the gyro support. Several such gyrosoopes 
have been built and they show considerable promise. Two of these are 
shown in Figure 13. These gyroscopes are driven by a motor and use 
self-aligning bearings. The gyroscope wheels are driven by the friction 
of the bearing. Thie is sufficient to drive the larger wheel at 

6,000 rpm when the motor is running at 4,000 rpm. Another possible 
answer for the free gyro ia found in the Mark 19 gunsight. This sight 
has a universal joint gyroscope of a very lijht and compact oonstruc- 
tion. <A photograph of the original and the modified gyroscopes is 
shown in Figure 14. The antenna direction will be controlled by pre- 
oessing this free gyroscope while the large gyroscope will be controlled 
by pickup coils mounted near the free gyroscope wheel. These coils oan 
be seen in Figure 14. Quantitative measurements on the inherent 
stability of the gyroscopes discussed are in progress but as yet in- 
oomplete. 


Both the other systems use a single free gyro in the antenna and 
differ only in the servo systam used to ksep the antenna axis aligned 
with the gyro axis. Again, deliberate rotations of the untenna axis 
are acoomplished by precessing the gyro axis; the servo thus having 
the single duty of keeping the antenna and gyro axes aligned. In one 
system, an arrangement of magnetic clutches operating from a con- 
tinuously running motor gives proportional control; in the other, the 
clutehes are replaced by a special differential gear system. The 
differential gear system is shewn schematically in “igure 15, anda 
photograph of the first laboratory model is shown in Figure 16. With- 
out anti-hunt features, this system held a mook-up antenna stable to 
within 1/4 degree with very little hunt. A oomplete model with anti- 
hunt features is under construction. 
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FIGURE 15 


SCHEMATIC DRAWING Ov TH DI PPERENTIAL GEAR~REVERSING 
CLUTCH FOR ANTENNA STABILIZER 


FIGURE 16 


PHOTOGRAPH OF A DIFFERENT: 
SCHEMATICALLY IN FIGURE 15 


TAL GEAR SYSTEM SiON 


2. Main Control Servo 


The requirements for the KILGFISlisuk control-surface servo nave not 
as yet been fixed, and very little work has been done in this oonnection- 
Since the antenna will behave as a free gyroscope as far as yaw and 
pitch are concerned, it will be possible to use the antenna as a refor- 
ence for the stabilization of missile as a whole. Because of the fact 
that the antonna axis and the ship axis may net coincide, an "axis 
resolver" may huve to be used to provide a frame of reference for the 
missile. A separate free pyro can, of course. bo used to obtain the 
sane result. 


The stabilization of roll can be obtained by using a rol] gyroscope 
or a suitable angular acceleroneter. such accelerometers ore comner- 
olally availabie. and a inodel svecialiy desijmed for KINGPIS.ER is now 
being tested. This model is show in Figure 17. It consists of a 
balanced member mounted on ball bearings and held in a fixed relution- 
ship to the frame by a spring. The natural frequenoy of the system is 
approximately 10 cps. Pick-off coila are mounted on both sides of this 
member so that an output voltage 18 varied botn in phase and magnitude. 
This voltage can be employed through the control servo to countoruct 
the roll of the ship. The advuntage of the accelerometer ove a gyro- 
scope is the elimination of high-speed rotating systems and the need 
for driving power. An accelerometer should be much more foolproof and 
dependable than a gyroscope, to say nothing of being cheape:. 


E. POWER SUPPLY 


The primary scurce of energy, botn for the radar and antenna stabilizing 
gear, and for tho control-surface servos. 16 the airstream. Two generators, 
driven by one or two vuriable-pitch constant-speed windmills are to be used 
The radar generator will supply approximately one kilowatt at 400 cycles, 
117 volts; the servo generator will have a similar oapacity, but the form 
of the output awaits further definition of servo requirements. 


The variable-patch windinill is a special design in which the power to 
rotate the blades ia not derived from the speed-control network. Instead, 
the speed-contro] network operates a clutch which uses the power of the 
airstrean itself it effect the rotation necossary for the indicated change 
of pitch, The principle is shown schematically in Figure 18. Wind tunnel 
tests on the first model, pictured in rigure 19. are very promising. 


Tn addition to possible changes in type of primary supply desired, 
another reason exists for using separate radar ond servo generators. The 
servo load may fluctuate quite sharply, and it is highly ur‘ -irnsble to 
have rapid fluctuation in radar supply voltage. Wowover, generator inertia 
may be sufficient to permit mounting both on a common shaft and driving 
with a single windmill. 
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Design of the radar generator is well along. An SQ0-cycle model with a 
earbon pile regulator has boon completed. This is shown schematically in 
figure 20. Lxperixonts on other regulation sohemes, such as axial displace- 
ment of the rotor, and on alternutive, possibly moro compact, designs 
employing permanent aagnet rotors, aro in progress. The gonerator will not 
be larger than tho invertcr required in LAT to convert from battery power, 
thus making tho space occupiod by the batteries themselves pure profit. The 
air-driven generator increases drag on the missile about li. 


Brakes will be supplicd so that the gencrutor noed not run continuously 
throughout the time tho bird is carried. This power supply will wake it 
unnecessary over to power to radar from the mothor plane, thus simplifying 
the wiring in tho vmbilical cord. 


The savinjs incident on oliminating tho logistics problem assooiated 
with battery supply need hardly be mentioned. 


F. FLISHT SIRULATOR 


A flight simulator has boen cevelopod and constructed for vacilitating 
the development work on KINGFISUSR. It is ossentially a device for solving 
tho equations of motion of the flight of a missile, and thus roproducing in 
the laboratory the behavior of missilo in flight. A flight simulator pro- 
vides a laboratory tool which is very useful in the appraisal of theorotical 
and practical flight control systeas und should considerably reduce the 
amount of field testing roquirod in the devolopuent of a suitable suidance 
and oontrol system for KINGFISIER. Although designed as a tester ior the 
KINGFISiER, the simulator has aplication to missiles of the sume jeneral 
type. A yeneral description of the simulator is ;iven in "The Guided 
Higsile” for July 1946. 


Figure 21 shows the platform on which the gyros or elements of the con- 
trol system sensitive to angular motion are mounted. This platform is 
mounted in a piabal framo froe te rotato about threo perpondiculur uxos. 
On the conter of rotation is mounted oan optical homing system to siaulate 
the oharacteristics of tho radar homing system of the missile. In this 
figure, the gyros of tho 5. lark 9 «od O UAT aro shown of opposito sides 
end below the optical homing hoad. 


Figure 22 shows, at tho left, tno light source used us u simulated 
target and which movos in such a :aunner as to reprosent tho motion of tho 
missile in space. in the center is tho throo-axis mounting which carries 
the platform shown in Piguro 5, At the rijmt is u control pancl ior 
adjusting the constants of tie system to correspond to tho aorodynamic 
charactoristics of the sissilo undor test. 


Figure 25 gives sanotnor view o: tho genoral arrungemont, showing the 
track along which the carriago moves to rcprosent the approach of the 
missilo to the tarjot. 


tirst tests on the simulator were conducted in October, und considera:le 
time has been spent in muking revisions which were found nocessury froma pre~ 
liminary oporations. 
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The following investigations are now in progress using the flight sim- 
lator: 


(1) Comparison of the control systems of the Mod 0 and the 
Mod 1 BAT with respect to accuracy of the missile under 
verying wind conditions. 


(2) The investigation of the effects of squints in the gyro 
system, servo system, and homing on the accuracy of the 
missile. 


(8) The investigation of the performance of proposed navi- 
gation systems for FINGFISHER. 


Under Item (1). 29 runs have been taken with the oontrol system of the 
Mod O BAT, with wind set for 40 mph right, 29 runs with wind 40 mph left, 
and 40 runs with no wind. The averare deviation varies from 34 feet to 
680 feet. The distribution of error does not follow a normal probability 
distribution due to a small long-period oscillation in yaw evident in these 
runs. The results are in excellent agroement with actual field tests of 
Mod O BAT, thus demonstrating that with the simulator, performance of the 
navigation system of a missile can be predicted under various flight con- 
ditions. 


F, INSTRUMENTATION 


fhe instrumentation system for KINGFIS!IER is intended to provide data 
on the performance of the missile and its components while in flight. The 
flight tests referred to above (under II-A ond II-B) have used the 
instrumentation system developed for BAT. This system includes two record- 
ing camoras within the missile and two ground stations for obtaining 
trajectory data by optic methods. Tne cameras within the missile are en- 
Closed in rugged cases to preserve the rocords from damago caused by impact 
of the missile. Ono camera photographs an instrument panel and the other, 
the view directly siead of the missile. In some cases, a third cumera has 
been added to photorraph an oscillograph connected to the intolligence 
syatem. 


Appreciable work has been done toward improving the BAT instrumentation 
system, inoluding better synchronization of the airborne cameras, more 
reliable erectors ‘or the lonsos und mirrors, and installation of Askania 
recording thoodolites in the ground stations. In addition, serious atten- 
tion is being directed toward devcloping or adapting telemeteriny, systems 
and radar plotting methods. The telemetoring system will supplement rather 
than replace the recording cameras. 


A pulse-tine telemetering system has been devoloped which requires 
only one tube per channel. It ulso allows considernble flexibility in soan 
rate and in the number of channels. The full possibilitios of the system 
are still being investigated. Howovor, in view of the fact that most of 
the testing of complete KINGFISHER missiles will be at NAOTS Chincotenguc, 
where other guided missiles are also to be tested (notably DOVE and METEOR), 


fa) 
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the possibility of using a standard system is under consideration. If the 
same or similar talemetering systems are used in all tests, the ground in- 
stallations at the station would be appreciably simplified. Similar 
etandardisation would be desirable, if possible, for trajectory plotting 
instrumm tation. 


1. 


4. 
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